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ABSTRACT 
Generalized joint hyperlaxity is characterized by excess range of motion in most 
joints, which surpasses accepted normal range of motion values for the population. 
Hyperlaxity is present in 4-7% of the general population. Literature is inconclusive 
regarding the significance of joint laxity as a predisposing factor to injury in non-athletic 
populations. 
The purpose of this study was to determine if there is a significant correlation 
between joint laxity and previous musculoskeletal injuries. In addition, the data was 
evaluated to compare laxity rates by gender, choice of collegiate major, type of injuries, 
and weekly activity level. 
Two-hundred and thirty-nine students, age 18 to 30 years old, on the University of 
North Dakota campus were voluntarily recruited to participate in this study. Subjects 
were excluded if they fell outside the age category or had competed in a sport on a 
national or collegiate level. A participant survey was given to each subject. The survey 
gathered demographic data regarding the subject's age, gender, major of study, activity 
level, frequency and intensity of exercise activity, and injuries which required medical 
attention from a physician. The Beighton test of hyperlaxity was used to determine the 
laxity status of individuals for classification purposes. Students with generalized joint 
hyperlaxity did not demonstrate significantly higher rates of previous musculoskeletal 
injuries. Trends showed individuals with hyperlaxity were more likely to sustain injuries 
Vlll 
involving sprains and dislocations, whereas individuals with normal laxity were more 
likely to display ligamentous injuries and bone fractures. When gender was compared, 
females exhibited significantly greater systemic joint hyperlaxity. A significant 
difference in hyperlaxity rates was found between students in physical and occupational 
therapy programs compared to those in other majors. Research showed no correlation 
between high frequencies of physical activity and increased generalized joint hyperlaxity. 
The high incidence of hyperlaxity in therapy students may create 
challenges in their careers as clinicians. Future studies of practicing physical and 
occupational therapists are warranted to determine if therapists with generalized joint 
hyperlaxity have a greater incidence of work-related musculoskeletal disorders in their 
career. Regular exercise is an integral part of maintaining a healthy lifestyle. Individuals 
with hyperlaxity should not be deterred from a daily exercise routine. All patients, 
regardless of their laxity status, should be taught to exercise in a safe and effective 
manner. 
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CHAPTER I 
INTRODUCTION AND LITERATURE REVIEW 
Definition 
Hippocrates is attributed with the first clinical description of hyperlaxity. In the 
fourth century B.C., he described a race of people, the Scythians, who demonstrated so 
much hyperlaxity in their elbows and shoulders that they could not effectively draw their 
bows. 1 The general public may refer to this phenomena as "double jointedness". 
However, today, generalized joint hyperlaxity has been defined by Kirk et al?, as a 
condition in which joints are overly lax and the range of motion is in excess of the 
accepted normal value in most of the joints examined. Laxity in this form is associated 
with musculoskeletal complaints and lacks the signs and symptoms of other systemic 
rheumatic diseases that present with hyperlaxity. 
Prevalence 
The amount of excess joint range of motion varies among individuals depending 
on age, sex, race and athletic training.3,4 Discrepancies exist regarding the prevalence of 
generalized joint hyperlaxity in the general population because studies have been 
performed on non-homogenous populations. Laxity, the amount of motion available in 
the connective tissue surrounding joints, has been shown to decrease with age.5,6,7,8 
Children tend to have higher rates of laxity than adults (7%9 to 28%5) depending on the 
population and criteria used for evaluation. A study at a New York music school 
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showed that women demonstrate a decline in laxity at approximately age 40-45, while 
men show loss of laxity earlier, around 25 years of age.7 Generalized joint hyperlaxity 
has been established to be more prevalent among females than males.6,7,1O,11 ,12 Reports 
indicate laxity may be from twoll to five7 times more prevalent among females than 
males. It is possible that the difference between the sexes is due to the female sex 
hormones estrogen, progesterone and relaxin that fluctuate during the menstrual cycle 
and increase ligamentous laxity.13 These hormones have been shown to increase 
generalized joint laxity in women in areas such as, the anterior cruciate ligimanti3 , 
tempromadibular jointl6, and pelvic floor l5. 
Ethnic differences also playa role in the prevalence of hyperlaxity. Those of 
Asian decent have been shown to demonstrate a higher incidence of hyperlaxity than 
Africans5, and Africans a higher incidence than Caucasians. 12 An epidemiological study 
by Beighton et al. 16 yielded incidences of generalized joint hyperlaxity in one percent of 
African males ages 20-44 and seven percent of African females in the same age category. 
Diaz et al. 17 found hyperlaxity in 7.6% of 675 seventeen year-old male Spanish Air Force 
soldiers. Male Iraqi students ages 20-24 demonstrated a 25.4% prevalence of hyperlaxity 
as compared to 38.5% offemales.32 
Activity level may have an effect on hyperlaxity. High-level athletes have 
demonstrated an increased incidence of functional, acquired laxity due to recurrent stress 
at one or two joints rather than presenting with structural generalized joint hyperlaxity 
throughout the body. For example, gymnasts have shown specific increased lumbar 
hyperlaxity, while swimmers have commonly had a higher incidence hyperlaxity in their 
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shoulders. I,18 Uninjured, professional baseball pitchers were found to have increased 
medial elbow laxity in their dominant arm. 19 
Diagnostic Criteria 
Joint hyperlaxity is measured using a variety of methods. Researchers choose a 
method of determining generalized joint hyperlaxity depending upon equipment options, 
operator experience, time availability, and level of test sensitivity required to answer their 
research question. 
Carter andWilkinson9 were the first to develop a five-point scale to diagnose 
generalized joint hyperlaxity. Points were given if the patient could do the following: 
1) passive apposition of the thumb to the flexor aspect ofthe forearm, 2) passive 
hyperextension of the fingers and wrist so that the fingers lie parallel to extensor aspect 
of the forearm, 3) hyperextension of the elbow past 10 degrees, 4) hyperextension of the 
knee past 10 degrees, and 5) excess dorsiflexion and eversion of the foot. A total of five 
points was possible, with one point given for each motion that met the test criteria. A 
score of three or higher was indicative of hyperlaxity. 
Beighton et al. I6 modified the five point scale proposed by Carter and Wilkinson. 
The Beighton method measures five characteristics: 1) passive extension of the little 
fingers beyond 90 degrees, 2) passive apposition of the thumbs to the flexor aspect of the 
forearm, 3) hyperextension of the elbows past 10 degrees, 4) hyperextension of the knees 
past 10 degrees, and 5) forward flexion of the trunk with the knees straight so that the 
palms of the hands rest easily on the floor. Each limb was scored separately in the first 
four categories, with one point possible for the final category. This method generated a 
possible high score of nine. The Beighton test for hyperlaxity has demonstrated a high 
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correlation coefficient and reliability between measurements assessed over time?O,21 
However, there is disagreement on the cut off point used to determine hyperlaxity on this 
scale. Some researchers use 4/912, 5/911 , or 6/95 as a cut off point. There is also a 
modified version of the Beighton scale that is frequently used. The modified version 
awards the patient one point for each of the first four categories only if the criteria are 
met for both extremities bilaterally, and one point for the trunk extension. There is a total 
of five points possible. Generally, a score of 3/5 is used to determine hyperlaxity on the 
Modified Beighton Scale,z2 
Bulbena et al.23 compared the Carter and Wilkenson9 scale, the modified scale of 
Beighton et al. 16 and an II-point scale by Rotes. Bulbena et al. 23 found that both the 
correlation coefficients and predictive efficiencies between the three hyperlaxity test 
criteria were uniformly high, suggesting high concurrent and predictive validity. The 
study by Bulbena et al.23 also proposed a different cut off point to determine hyperlaxity 
for men (3/4) and women (4/5) due to the fact that women tend to have more positive 
signs of laxity. The scale was proposed to help avoid false negatives. 
Although the Beighton test is the most widely used test by researchers, other 
laxity tests can be found in the literature. A global index of joint laxity is determined by 
measuring 34 different arcs of movement with a goniometer and dividing the end result 
by one hundred. Although it offers a more comprehensive look at generalized joint 
hyperlaxity, it is complicated, time consuming, and involves specific operator training,z4 
Finger hyperextensometers have also been used to find a faster, more precise way 
to assess hyperlaxity. The hyperextensometer is a simple spring device that measures the 
extension of the metacarpophalangeal (MCP) joint of the little finger. Bird et a1. 20 
4 
compared the finger hyperextentsometer and Beighton Method to the global index of 
joint laxity. They found that a system that measured several joints (Beighton) correlated 
better with the global index method than a system that measured movement at just one 
joint (hyperextensometer). Numerous joints throughout the body were affected by 
generalized joint hyperlaxity, which made it difficult to use the hyperextensometer and 
assess laxity by measuring only one joint. 
Pathophysiology 
Generalized joint hyperlaxity appears to be inherited as a gender influenced 
dominant trait.2 Laboratory tests are used to distinguish between benign hyperlaxity and 
hereditary connective tissue disorders in which hyperlaxity is a feature, such as Marfan's, 
Ehlers-Danlos and Osteogenesis Imperfecta. 11 Generalized joint hyperlaxity is probably 
due to an abnorm<'..lity in type I collagen. Type I collagen is found in tendons, ligaments, 
joint capsules and skin. Type II collagen is found primarily in hyaline cartilage. Type III 
collagen is found mostly in the vascular system, skin and lungs. People with generalized 
joint hyperlaxity have a greater ratio of type III to type I collagen throughout their body 
which contributes to decreased tissue stiffness.25 In a study performed by Child lO, 
electron microscopy of the skin of 22 females with hyperlaxity showed a markedly 
decreased proportion of thick collagen fibers and an increased proportion of fine collagen 
fibers, ground substance, elastin and fibrocytes in the reticular layer. Individuals with 
hyperlaxity may be subject to premature osteoarthritis due to the production of abnormal 
biochemical forces on the joint and a basic collagen abnormality in both the joint's 
supporting structures and on the joint surfaces. IO•26 
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Consequences of Generalized Joint Laxity 
In a study performed by Scott et a1.27, there was a significant increase in joint 
laxity in a group of patients who presented with symptomatic osteoarthrosis compared to 
a control population of similar age and sex with no evidence of joint disease. It is 
suggested that the natural history of hyperlaxity may lead to traumatic synovitis and later 
to osteoarthrosis in the forth or fifth decades.2 An arthroscopic study by Bird et a1.4 
showed a high incidence of chondrocalcinosis in the synovium of hyperlax patients with 
synovitis of the knees. These studies indicated that individuals with hyperlaxity may be 
predisposed to developing osteoarthrosis during their lifetime. 
Increased joint laxity may also be a factor in work-related musculoskeletal 
injuries. Industrial workers with spinal hypermobility, those who could place their palms 
flat on the floor keeping their knees straight, were found to have a significantly higher 
incidence of musculoskeletal problems in the neck and shoulders.28 Interestingly, an 
increase in back pain was seen in those hyperlax patients who had stationary jobs that 
required prolonged sitting or standing, compared to other hyperlax patients with more 
mobile jobs. In the non-lax group, there was significantly more back pain reported with 
tasks that required frequent changes in body posture. It is possible that hyperlaxity of a 
joint is good if the joint is needed for repetitive motion, but detrimental if the prime role 
of the joint is to provide support. Larrson et a1.29 found that among rpusicians who 
played instruments requiring repetitive motion, hyperlaxity was an asset in the wrist and 
hands, whereas hyperlaxity of the less frequently moved joints like the knees and spine 
were a liability. Patients with hyperlaxity did better with tasks that required frequent 
changes in body position in order to avoid pain and musculoskeletal problems?8 
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There is a disagreement in the literature on whether generalized joint hyperlaxity 
is associated with an increased injury occurrence. Studies have often compared laxity 
status and injury rate in young, highly active, athletic populations. A study of 675 
seventeen year old well-conditioned soldiers by Diaz et al. 17 found that the occurrence of 
musculoligamentous lesions, particularly those of the ankle and knee, were significantly 
more frequent in hyperlax individuals than in those with normal joint mobility. 
Professional ballet dancers have been found to have significantly higher hyperlaxity than 
the general population. Those who were hyperlax most commonly incurred ligamentous 
lesions of the knee, ankle and foot. I In a study of 2,300 West Poipt cadets representing a 
group of young males of above average athletic ability and physical fitness, no statistical 
relationship was found between increased joint laxity and injuries. Also, no relationship 
was found between laxity and the need for surgical intervention resulting from injuries 
sustained in general athletic competition. 18 In college age athletes, Krivickas and 
Feinberg30 found lower extremity injuries were unrelated to general ligamentous laxity in 
female athletes. Among men, lower extremity injuries were associated with lower 
ligamentous laxity scores, which indicated that tight ligaments caused more injury then 
lax ligaments. No significant difference between hyperlaxity and muscoskeletal pain has 
been shown in grade school children.3,29 
A pilot study at the University of North Dakota was performed to determine if 
hyperlaxity placed the general, non-athletic, college age population at a greater risk of 
incurring previous musculoskeletal injury.31 A trend was found suggesting non-athletic, 
college age students who met hyperlaxity test criteria had an increased rate of 
musculoskeletal injury.31 Similarly, AI-Rawi et al.32 completed a study on 20-24 year old 
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Iraqi university students and found ligamentous injury to be significantly more common 
in the subjects with hyperlaxity. 
There is an absence of literature determining the relationship between generalized 
joint hyperlaxity and musculoskeletal injury in non-athletic populations. The purpose of 
this study was to determine the relationship between joint hyperlaxity and 
musculoskeletal injury in a non-athletic, college age population. 
This study was significant to physical therapists due to the high volume of 
patients they treat for musculoskeletal injuries. The results of this study concerning 
generalized joint hyperlaxity and injury, gender, and activity level, will influence how 
therapists evaluate, screen, and treat patients. This study was also significant for the 
future of physical therapy education. If therapists, as a group, tend to show high 
incidences of hyperlaxity, joint saving techniques may be increasingly important in their 
educational curriculum. 
This study was performed to answer the following research questions: 1) Is there 
a significant difference between joint laxity and previous injuries in non-athletic, college 
age students? Null hypothesis: There is a significant difference between joint laxity and 
previous injury in non-athletic, college age students. 2) Is there a significant difference in 
laxity scores between males and females? Null hypothesis: There is a significant 
difference in laxity scores between males and females. 3) Is there a significant difference 
between laxity score and choice of major? Null hypothesis: There is a significant 
difference between laxity score and choice of major. 4) Is there a significant difference 
between laxity score and type of injury? Null hypothesis: There is a significant 
difference between laxity score and type of injury. 5) Is there a significant difference 
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between laxity score and weekly activity level? Null hypothesis: There is a significant 
difference between laxity score and weekly activity level. 
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CHAPTER II 
METHODS 
Subjects 
Two-hundred thirty nine subjects from the University of North Dakota 
volunteered to participate in this study. The study included 129 females and 110 males. 
Of the 129 females, 45 were physical therapy students, 40 were occupational therapy 
students, and 44 were in various non-therapy related majors. Of the 110 males studied, 
19 were physical therapy students, 9 were occupational therapy students, and 82 were in 
various non-therapy related majors. Participants were excluded if they were greater than 
30 years of age, or less than 18 years of age. Subjects were also excluded if they had 
participated in an athletic activity on a collegiate or national level. This allowed for a 
homogeneous age group and ensured that highly trained athletes were not included in the 
sample population. Guidelines were established and the Institutional Review Board at 
the University of North Dakota, Grand Forks, ND, approved the study, project number 
IRB-9904-218 (Appendix A). 
Instrumentation 
Participant Survey 
A participant survey (Appendix B) was developed to obtain demographic data 
including: the subject's age, gender, academic major, physical activity level, frequency 
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and intensity of activities, and number and type of injuries requiring medical attention 
from a physician. 
Beighton Test 
The Beighton test for hyperlaxity was used to determine the laxity status of 
individuals for grouping purposes. This particular clinical test was chosen because it has 
reported good intertester reliability and high correlation with the global index method?O,21 
The Beighton test is easy to administer, and is the most commonly used test in the 
literature?O.21 Testing maneuvers (Figures 1-5) included passive fifth finger extension, 
passive apposition of the thumb toward the flexor aspect of the forearm, elbow extension, 
knee extension, and trunk flexion. All tests that involved the extremities were performed 
bilaterally. 
Reliability 
The testers had previous practical experience with goniometric measurement 
before the start of this study. Goniometric measurement for knee and elbow extension 
has been found to have high reliability.33 Intratester and intertester reliability for this 
study was established through a pilot study of elbow extension measurements. 
Reliability was found to be good for intertester reliability (ICC=.94) and intratester 
reliability was also classified as good, for tester one (ICC=.97) and tester two 
(ICC=.88).34 
Procedure 
Each subject completed a survey and consent form (Appendix C) prior to being 
tested. The Beighton text for generalized joint hyperlaxity was then performed on each 
subject. Subjects were randomly assigned to one of the two testers for examination. 
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Figure 1. Hyperextension of the fifth finger 
Figure 2. Apposition of the thumb to the flexor aspect of the forearm 
Figure 3. Hyperextension of the elbow 
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Figure 4. Hyperextension of the knee 
Figure 5. Forward flexion of the trunk with the palms resting on the floor 
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Tests requiring range of motion measurements were recorded with a standard goniometer. 
The standard scoring system was used, awarding one point for meeting the test criteria, 
and zero points if the test criteria were not met. The standards to meet were passive 
extension of the fifth finger past 90 degrees with the palm of the hand resting on a flat 
surface, hyperextension of the elbows and knees greater than ten degrees, and flexion of 
the trunk with the knees straight, so the palms rest comfortably on the floor. 16 Subjects 
could score zero to nine points. A score of zero to three represented normal laxity, while 
a score of four or greater constituted hyperlaxity. The cutoff point was chosen due to 
standards in the existing literature. 16 
Data Analysis 
Data analysis was completed using SPSS 10.0* computer software. A chi square 
test was used with a=.05 significance to determine the association between laxity and 
injury occurrence, gender, choice of academic major, type of injury and weekly activity 
level. Spearman Rho test of correlation was also performed to analyze activity level and 
hyperlaxity status. Statistics were reliable due to assumptions being met for test criteria 
in four of the five research questions. Trends were reported for the data that did not meet 
the chi square test criteria. 
*SPSS Inc. Headquarters, 233 S. Wacker Drive, 11th floor, Chicago, IL 60606. 
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CHAPTER III 
RESULTS 
Results were tabulated after participants filled out the questionnaire and 
hyperlaxity scores were compiled for the 239 subjects. For these subjects, no significant 
difference was found between joint laxity and history of injury, X2 (1 ,n=239)=.1 0 1, 
p=.751. Only a slight difference was noted in percentage of injuries between the non-lax 
and hyperlax group (Table 1). Seventy percent of the non-lax group had previously 
sustained musculoskeletal injuries, compared to 72% of the hyperlax group (Figure 6). 
A significant difference was found when evaluating laxity and gender, X2 (1, 
n=239)=11.007, p=.OOl. Females were found to have the highest percentage of 
hyperlaxity at 18.6%, while only 4.5% of males were classified as hyperlax (Figure 7, 
Table 2). Next, a comparison of laxity score and choice of major also yielded significant 
results, X2(2, n=239)=8.057, p=.OI8. Of the therapy majors, 14% of physical therapy 
students and 22% of the occupational therapy majors displayed hyperlaxity. However, 
only 7% of students studying other majors offered at the University of North Dakota 
demonstrated hyperlaxity. Hyperlaxity scores for the three groups are listed in Table 3 
and graphic representation can be found in Figure 8. These results are similar to those 
found in the pilot study conducted at the University of North Dakota. 
Trends were reported in instances where criteria were not met for the chi-square 
test of independence. Therefore, significance was unable to be reported between 
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hyperlaxity and type of injury. X2 (8, n=239)=4.562, p=.803. However, trends show 
sprains were more common in the hyperlax population at 34.5%, whereas sprains only 
accounted for 23.8% of injuries in the non-lax population. In the hyperlax group, 
dislocations had a 10.3% occurrence, verses 6.2 % in the non-lax group. Ligamentous 
injuries were reported in 3.4% of hyperlax subjects as compared to 4.8% of those with no 
laxity. Bone fractures occurred in 17.2 % of the hyperlax group and 23.3% of the non-
lax group. Figure 9 represents percentages of injury occurrence for all injury categories. 
No significant correlation was found between laxity score and weekly activity 
level when compared using Spearman's rho test for correlation rs=.060, n=239, p=.359, 2 
tails35 (Figure 10). Therefore, increased activity level did not increase overall generalized 
joint laxity in this population. 
16 
CHAPTER IV 
DISCUSSION AND CONCLUSION 
Discussion 
The results of this study indicated that in non-athletic, college-age students 
increased generalized joint laxity did not correlate with a greater rate of previous 
musculoskeletal injury. Trends however, showed that those with hyperlaxity were more 
likely to have injuries involving, sprains, dislocations, contusions and arthroscopic 
surgery. Diaz et al. I7 found ankle sprains and knee pain to be significantly more frequent 
in individuals with hyperlaxity. An increase in sprains and dislocations may be due to an 
abnormal ratio of type III to type I collagen seen in people with generalized joint 
hyperlaxity. The amount of tissue damage caused by injuries sustained in subjects with 
hyperlaxity may be decreased due to increased laxity of the joint structures. Stanitski36 
found patients with hyperlaxity and acute patellar dislocation to have an incidence of 
chondral injury and "avulsion fracture only 33% of the time, as compared to patients 
without hyperlaxity who had an 80% incidence of avulsion fracture. The normal laxity 
group showed trends of increased injuries involving fractures and ligamentous tears. One 
theory may be that because structures break at their weakest point, more fractures were 
seen in people with normal laxity due to increased tissue stiffness of their ligaments. The 
ligaments of people with normal laxity may tend to tear when highly stressed instead of 
stretch as they would 
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in people with generalized joint hyperlaxity. This type of hyperlaxity varies between 
males and females. 
In this study, females demonstrated increased hyperlaxity compared to men as 
anticipated by previous research. 6,7,10,11,12 The higher rates ofhyperlaxity in woman may 
be due to the influence female hormones, estrogen, progesterone, and relaxin, have on 
increasing ligamentous laxity.13 In pre-adolescent children, no clinically significant 
difference has been found between laxity scores and gender.9,5 After puberty, females 
show increased laxity scores when compared to males of the same age. In both sexes, 
hyperlaxity decreases with age. 5,6,7,8 Women show the greatest decline in hyperlaxity 
between ages forty and forty-five,7 which coincides with menopause and the decline of 
female hormones. Investigative studies may be performed in the future to assess the 
effect of hormone replacement on laxity and the incidence of falls and fractures in elderly 
woman. 
When comparing majors, the physical and occupational therapy students had 
significantly higher percentages of students with hyperlaxity than those students involved 
in other majors on campus. Based on the results of this study, it is postulated that many 
therapy students chose their major based on past experiences with injury rehabilitation. If 
therapy students had experienced more severe injuries requiring medical attention in the 
past, such as sprains and dislocations, they may have been more likely to receive therapy 
than their peers with normal laxity. It is possible that participation in the rehabilitation 
process piqued their interest in the therapy field leading to the higher than average 
number of students who demonstrate hyperlaxity. A significant number of athletes with 
hyperlaxity may be drawn to the field of physical therapy due to their experiences with 
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athletic injuries. It is probable that the reported number of therapy students with 
hyperlaxity would have been higher if athletes had not been excluded from this study. 
The high incidence of hyperlaxity in therapy students may create challenges in 
their careers. Cromie et al.37 found work-related musculoskeletal disorders to cause one 
in six physical therapists to change their specialty area or leave the profession. They also 
found a significant relationship between thumb symptoms and the use of mobilization 
techniques in practicing physical therapists. Those therapists with hyperlaxity in their 
thumbs may be predisposed to injury while performing manual therapy due to increased 
forces on their pliable ligaments. The high laxity scores in the therapy majors may have 
implications on the content of their educational curriculum. Future studies of practicing 
physical therapists is warranted to determine if therapists with generalized joint 
hyperlaxity have a greater number of work-related musculoskeletal disorders during their 
career. If so, it will be important that therapists are made aware of their laxity status and 
know how to prevent work-related musculoskeletal disorders through use of proper joint 
protection techniques. 
Males in the therapy majors had a much higher percentage of laxity when 
compared to males in other majors. This was a novel finding. There may be biological, 
environmental or psychological explanations for this phenomenon. Martin-Santos et al.38 
studied the psychological implications of hyperlaxity and found joint laxity to be highly 
prevalent in patients with panic disorder, agoraphobia or both. This suggested a possible 
psychological component to joint hyperlaxity. Bridges et al.26 analyzed the genetic 
component of hyperlaxity and found most patients with hyperlaxity to have a first-degree 
family member with a history of joint laxity. More research is needed to determine if the 
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high rate of hyperlaxity in male therapy majors was an isolated event or if these findings 
can be seen in other male health care worker~. Future studies may also focus on 
determining the influence biology, environment, psychology and genetics have on 
generalized joint hyperlaxity. 
Subjects who participated in an athletic activity at a collegiate or national level 
were excluded from this study. The group of remaining college-age students was 
considered to have physical activity levels that were closer to "normal" for their age. 
Increased activity levels did not correlate to an increase in the number of hyperlax joints. 
Based on this study, the health benefits from regular exercise outweigh the risks of 
increased joint laxity. The data from this study suggests that exercise should not affect 
the level of generalized joint laxity a person already demonstrates. Likewise, Mikkelsson 
et al. 3 found no significant difference in frequency of physical activity between children 
with hyperlaxity and those with normal laxity. 
Limitations 
The exclusion of athletes from this study may have altered the percentage of 
subjects with hyperlaxity. However, our results are consistent with those found by other 
researchers. The use of two testers to assess hyperlaxity may have introduced test bias. 
An attempt was made to decrease bias by testing intra and inter-tester reliability prior to 
the start of the study. Due to the limited number of students with hyperlaxity in the 
population, it was difficult to test a large enough sample to meet all test criteria. It was 
felt the sample used in this study was realistic due to time and personnel restrictions. 
Another limitation of this study was the classifications used to quantify the types of 
injuries sustained by subjects. Besides the therapy majors, most subjects did not have 
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prior education concerning common types of musculoskeletal injuries and may have 
reported their injuries incorrectly. However, the testers were avaiJable while subjects 
filled out their questionnaire, to clarify the categories for those who questioned the type 
of injury they had sustained. 
Conclusion 
Students with generalized joint hyperlaxity did not demonstrate significantly 
higher rates of previous musculoskeletal injuries. However, trends showed individuals 
with hyperlaxity were more likely to have sustained injuries involving sprains and 
dislocations, whereas ligamentous injuries and bone fractures were more likely in 
individuals with normal laxity. When gender was compared, females exhibited 
significantly greater generalized joint hyperlaxity than their male counterparts. A 
significant increase in hyperlax!ty scores was found between students in physical and 
occupational therapy programs compared to those in other majors. Research showed no 
correlation between high frequencies of physical activity and increased generalized joint 
hyperlaxity. 
Individuals with hyperlaxity tend to have injuries involving sprains and 
dislocations which may be due to an abnormal collagen ratio. This may merit increased 
patient awareness of their laxity status and education regarding ways to avoid future 
InJury. 
The high incidence of hyperlaxity in therapy students may create challenges in 
their careers as clinicians. Future studies of practicing physical and occupational 
therapists are warranted to determine if therapists with generalized joint hyperlaxity have 
a greater incidence of work-related musculoskeletal disorders in their career. 
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Regular exercise is an integral part of maintaining a healthy lifestyle. Individuals 
with hyperlaxity should not be deterred from a daily exercise routine. All patients, 
regardless of their laxity status, should be taught to exercise in a safe and effective 
manner. 
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UNIVERSITY OF NORTH DAKOTA HUMAN SUBJECTS REVIEW FORM 
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PROJECTS INVOLVING HUMAN SUBJECTS 
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INVESTIGATOR: Dr. Sue Jeno. Jocelyn Hagen, Beth Klancher, TELEPHONE: (701)-772-8752 DATE: 
02-21-00 . 
ADDRESS TO WHICH NOTICE OF APPROVAL SHOULD BE SENT: Box 9037 
SCHOOL/COLLEGE: School of Medicine 
PROPOSED PROJECT DATES: 3/1/00-5/13/01 
DEPARTMENT: Physical Therapy 
PROJECT TITLE: The association of generalized hypermobilitv and occurrence of musculoskeletal injury 
FUNDING AGENCIES (IF APPLICABLE): 
TYPE OF PROJECT (Check ALL that apply): 
NEW PROJECT X CONTINUATION RENEWAL 
DISSERTATION OR 
THESIS RESEARCH ~ 
STUDENT RESEARCH PROJECT 
CHANGE IN PROCEDURE FOR A PREVIOUSLY APPROVED PROJECT 
DISSERTATIONITHESIS ADVISER, OR STUDENT ADVISER: -"S""uC><.e-"-J~en-",o,-,P-'.h",,D:..., -'-P ..... T_______ _ 
INVOLVES NON-APPROVED 
PROPOSED PROJECT:_INVOLVES NEW DRUGS (IND) USE OF DRUG 
__ INVOLVES COOPERATING INSTITUTION 
IF ANY OF YOUR SUBJECTS FALL IN ANY OF THE FOLLOWING CLASSIFICATIONS, PLEASE 
INDICATE THE CLASSIFICATION (S): 
_ MINORS «18 YEARS) 
MENTALLY RETARDED 
PRISONERS 
PREGNANT WOMEN 
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lL UNO STUDENTS (>18 YEARS) 
IF YOUR PROJECT INVOLVES ANY HUMAN TISSUE, BODY FLUIDS, PATHOLOGICAL SPECIMENS, 
DONATED ORGANS, FETAL MATERIAL, OR PLACENTAL MATERIALS, CHECK HERE 
IF YOUR PROJECT HAS BEEN\WILL BE SUBMITTED TO ANOTHER INSTITUTIONAL REVIEW 
BOARD(S),PLEASE LIST NAME OF BOARD(S): 
Status: _ Submitted; Date ______ _ _ Approved; Date. _____ _ 
1. ABSTRACT: (LIMIT TO 200 WORDS OR LESS AND INCLUDE JUSTIFICATION OR NECESSITY FOR 
USING HUMAN SUBJECTS, 
Diaz et al. reported that individuals with joint hypermobility participating in a high level of activity have 
an increased prevalence of injury. 1 The purpose of this project is to study the relation of generalized joint 
hypermobility and incidence of injury in the non-athletic population. It is expected that hypermobile 
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individuals will be at greater risk of injury in normal daily activities. 
The study will involve 300 UND students. The subjects' joint mobility will be assessed using the 
Beighton method of joint hypermobility testing.2 The subjects will also complete a survey indicating injury 
history, activity level, and demographic information. 
The use of human subjects is necessary for the direct application of injury prediction and prevention in 
the general population. 
References: 
1. Diaz M, Estevez E, Guijo P. Joint hyperlaxity and musculoligamentous lesions: Study of a 
population of homogeneous age, sex and physical exertion. Br J Rheum. 1993; 32:120-122. 
2. Beighton P, Solomon L, Soskolne CL. Articular mobility in an African population. Ann Rheum Dis. 
1973; 32: 413418. 
PLEASE NOTE: Only information pertinent to your request to utilize human subjects in your project or 
activity should be included on this form. Where appropriate attach sections from your proposal (if seeking 
outside funding). 
2. PROTOCOL: (Describe procedures to which humans will be subjected. Use additional pages if 
necessary.) 
Participation of the 300 UND students is on a volunteer basis. The subjects will be tested on the 
campus of the University of North Dakota. Subject consent will be obtained prior to participation in the 
study. 
Beighton's method of testing joint laxity and criteria will be used. Subjects are assessed on their 
ability to do the following tests: hyperextend the little finger beyond 90 degrees, hyperextend the elbows 
beyond 10 degrees, hyperextend the knees beyond 10 degrees, apposition of the thumb to the flexor 
aspect of the forearm, and forward flex the trunk so the palms easily touch the floor with the knees fully 
extended. A scoring system of zero to nine is utilized with one point given for each extremity bilaterally and 
one point for the trunk if the test is positive for the aforementioned criteria. A subject with a score of 3 or 
more will be considered hypermobile. 
Each Subject will be asked to complete a questionnaire pertaining to demographic data, athletic 
activity, and injury history. 
The results will be analyzed statistically using a ~ test. 
3. BENEFITS: (Describe the benefits to the individual or society.) 
By assessing if individuals with generalized joint hypermobility are at greater risk of injury during 
normal daily activities as compared to individuals who are not hypermobile, therapeutic methods can be 
developed to prevent injury. With this knowledge hypermobile individuals may be able to avoid injury. The 
subjects in this study will be made aware if they have generalized hypermobility or not. Following this 
study, the results will be made available to the subjects to allow them to assess whether a preventative 
program would be beneficial to them. The findings of this study will be directly applicable to injury 
prediction and need for preventative intervention in the general public. 
4. RISKS: (Describe the risks to the subject and precautions that will be taken to·minimize them. The 
concept of risk goes beyond physical risk and includes risks to the subject's dignity and self-
respect, as well as psycho-logical, emotional or behavioral risk. If data are collected which 
could prove harmful or embarrassing to the subject if associated with him or her, then describe 
the methods to be used to insure the confidentiality of data obtained, including plans for final 
disposition or destruction, debriefing procedures, etc.) 
The risks to the subject are anticipated to be minimal and unlikely in this study. The only risk 
the subjects may experience is momentary slight discomfort if excessive force is used to move 
their joints into positions for the test. The subjects will be asked to move their joints only within 
available range. If injury should occur, medical treatment will be available, including first aid, 
emergency treatment, and follow-up care as it is to a member of the general public in similar 
situations. Payment for such treatment must be provided by the subject and their third party 
payer, if any. 
5. CONSENT FORM: A copy of the CONSENT FORM to be signed by the subject (if applicable) and/or 
any statement to be read to the subject should be attached to this form. If no CONSENT FORM is to be 
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used, document the procedures to be used to assure that infringement upon the subject's rights will not 
occur. Describe where signed consent forms will be kept and for what period of time. 
All resulting data and consent forms will be kept on file at the University of North Dakota Physical 
Therapy Dept. at Grand Forks for three years, after completion of this research study, then destroyed. 
6. For FULL IRB REVIEW forward a signed original and thirteen (13) copies of this completed form, and · 
where applicable, thirteen (13) copies of the proposed consent form, questionnaires, etc. and any 
supporting documentation to: 
Office of Research & Program Development 
University of North Dakota 
Grand Forks, North Dakota 58202-7134 
On campus, mail to: Office of Research & Program Development, Box 7134, or drop it off at Room 105 
Twamley Hall. 
For EXEMPT or EXPEDITED REVIEW forward a signed original and a copy of the consent form, 
questionnaires, etc. and any supporting documentation to one of the addresses above. 
The policies and procedures on Use of Human Subjects of the University of North Dakota apply to all 
activities involving use of Human Subjects performed by personnel conducting such activities under the 
auspices of the University. No activities are to be initiated without prior review and approval as prescribed 
by the University's policies and procedures governing the use of human subjects. 
SIGNATURES: 
____ Principal Investigator 
____ Project Director or Student Adviser 
____ Training or Center Grant Director 
(Revised 3/1996) 
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APPENDIXB 
ID#: 
---
Participant Survey 
Birth date: __ _ Height __ _ Gender: M or F 
Dominant hand: R or L Weight __ _ Major: ___ _ 
Athletic Activity: 
Circle all that apply. 
Did/do you compete in high school, college, intramural, or non-organized (independent) 
athletics? 
If yes, what sport(s)? Star the activity of it was on a collegiate or national level. 
Football 
Gymnastics 
Baseball 
Bike Racing 
Figure Skating 
Dance 
Weight Lifting 
Basketball 
Bowling 
Swimming 
Tae Kwon Do 
Downhill skiing 
Hockey 
Volleyball 
Cross Country 
Wrestling 
Softball 
Cross Country Skiing 
Golf 
Tennis 
Track- event? ______________________ _ 
Other _________________________ ___ 
How many days/week do you participate in athletic activities? 
o 1-3 4-7 
How long do you perform the activity (in minutes per day)? 
0-30 30-60 60-90 90+ 
What activities do you currently participate in? List all that apply. 
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Injury History: 
Have you ever had to seek medical attention from a doctor for any type of muscle, bone, 
or joint injury? 
Yes or No 
If yes, for what type of injury? List all that apply. 
Sprain 
Strain 
Contusion(Bruise) Dislocation 
Fracture 
Other ____________________________________________________ __ 
What part of your body was injured? 
What side of the body was injured? Right or Left 
How were you injured? (Sports, work, daily activities), ___________ _ 
How old were you at the time of injury(ies)? _______________________ _ 
Did you require surgery? If so what type? _________________________ _ 
Have you had any lasting disability due to an injury? 
If so what type? _____________________________________________ _ 
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APPENDIXC 
Consent to Participate in Research 
The association of generalized joint hypermobility and musculoskeletal injury. 
You are invited to participate in a study conducted to determine if individuals 
identified with generalized joint hypermobility (excessive joint mobility) are at a higher 
risk of incurring musculoskeletal injury. The findings of this study will help determine if 
preventative steps need to be taken to prevent injury in hypermobile individuals in the 
general population. You will be made aware if you are identified as being hypermobile. 
The results of the study will be made available to you to assess the need of a preventative 
program. 
As a participant in this study you will complete a survey indicating demographic 
data such as age and gender, level of athletic participation, and past injury history. 
Having an injury will not exclude you from this study. The Beighton test to determine 
hypermobility will be used. You will move your joints to the end of available joint range. 
The amount of motion will then be assessed and scored by the researcher. Although there 
is a risk of injury involved in any experimental study such as this, the test poses minimal 
risk to you other than a possible temporary feeling of discomfort. The time to complete 
the survey and the hypermobility test will be approximately 15 minutes. 
Participation in this study is entirely voluntary. You are free to discontinue 
participation in the study at any time without prejudice to future or present association 
with the University of North Dakota. The final general results of this study will become 
a public document and access to this document will be available to you. Your identity 
information will be used solely by the examiner and members of the physical therapy 
staff at the University of North Dakota. Copies of resulting data and consent forms will 
be kept at the University of North Dakota Physical Therapy Department at Grand Forks 
for three years, after completion of the study, then destroyed. 
If you have any questions or concerns about this project please contact Jocelyn 
Hagen at 772-8752, Beth KIancher at 777-8487, or Dr. Sue Jeno at 777-2831. You are 
encouraged to ask questions at any time. A copy of this consent is available upon 
request. 
In the event that this research study results in injury, medical treatment will be 
available, including first aid, emergency treatment, and follow up care as it is to a 
member of the general public in similar situations. You and your third party payer, if any 
must provide payment for such treatment. 
I have read and understood all of the above and willingly agree to participate in 
this study as explained in the above consent form. 
Participant's Signature Date 
Witness' Signature Date 
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APPENDIXD 
ID #: _______ _ 
Data Collection Form 
JOINT TESTED YES NO 
5th FINGER -LEFT 
-RIGHT 
THUMB -LEFT 
-RIGHT 
ELBOW -LEFT 
-RIGHT 
KNEE -LEFT 
-RIGHT 
TRUNK 
TOTAL SCORE 
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APPENDIXE 
T bl 1 C a e ompanson 0 fL t St t axny a us an dIn' St t JUry a us 
No Injury Injury Total 
Normal Laxity 64 146 210 
Hyperlaxity 8 21 29 
Table 2. Comparison of Laxity Status and Gender 
Male Female Total 
Normal Laxity 105 105 210 
Hyperlaxity 5 24 29 
Table 3. Comparison of Laxity Status and Choice of Major 
N Physical Therapy Occupational Therapy Other 
Normal laxity 210 86% 78% 93% 
Hyperlaxity 29 14% 22% 7% 
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APPENDIXG 
Consent for Taking and Publication of Photographs 
Name: Jay Armstrong 
Location: University of North Dakota Medical School 
Date: 10-25-00 
In association with Jocelyn Hagen and Beth Klancher's study entitled The 
Association of Generalized Joint Hyperlaxity and Musculoskeletal Injury, I consent the 
researcher's may use photograph's of me and may be published under the following 
conditions: 
1) The photographs shall be used if the researchers, Jocelyn Hagen and Beth 
Klancher deem that medical research, education, or science will be benefited 
from their use. These photographs may be published and republished, either 
separately or in connection with each other, in professional journals or 
medical books; provided that it is specifically understood that in any such 
publication or use I shall not be identified by name. 
2) The aforementioned photographs may be modified or retouched . n any way 
the researchers, Jocelyn Hagen and Beth Klancher deem 
Signed () , 
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Consent for Taking and Publication of Photographs 
Name: Sarah Mannel 
Location: University of North Dakota Medical School 
Date: 10-25-00 
In association with Jocelyn Hagen and Beth Klancher's study entitled The 
Association of Generalized Joint Hypedaxity and Musculoskeletal Injury, I consent the 
researcher's may use photograph's of me and may be published under the following 
conditions: 
2) The photographs shall be used if the researchers, Jocelyn Hagen and Beth 
Klancher deem that medical research, education, or science will be benefited 
from their use. These photographs may be published and republished, either 
separately or in connection with each other, in professional journals or 
medical books; provided that it is specifically understood that in any such 
publication or use I shall not be identified by name. 
2) The aforementioned photographs may be modified or retouched in any way 
the researchers, Jocelyn Hagen and Beth Klancher deem necessary. 
Signed \4 (4-6 d1 t f11ui t____ ( 
Witnef27d~ 
37 
REFERENCES CITED 
REFERENCES CITED 
1. Beighton P, Grahame R, Bird H. Hypermobility of Joints. Berlin: Springer-
Verlag; 1983:31,32. 
2. Kirk JA, Ansell BM, Bywaters EGL. The hypermobility syndrome: 
musculoskeletal complaints associated with generalized joint hypermobility. 
Ann Rheumatol Dis. 1967;26:419-425. 
3. Mikkelsson M, Salminen 11, Kautiainen H. Joint hypermobility is not a 
contributing factor to musculoskeletal pain in pre-adolescents. J Rheumatol. 
1996;23: 1963-1967. 
4. Bird HA, Tribe CR, Bacon PA. Joint hypermobility leading to osteoarthrosis 
and chondrocalcinosis. Ann Rheumatol Dis. 1978;37:203-211. 
5. Cheng JCY, Chan PS, Hui, PW. Joint laxity in children. J Pediatr Orthop. New 
York, NY: Raven Press, Ltd.;1991:752-756. 
6. Pountain G. Musculoskeletal pain in Omanis, and the relationship to joint 
mobility and body mass index. Br J Rheumatol. 1992;31:81-85. 
7. Larsson LG, Baum J, Mudholkar GS, Kollia GD. Hypermobility: Features and 
differential incidence between sexes. Arthritis Rheum. 1987;30:1426-1430. 
8. Larrson LG, Baum J, Mudholkar GS, Srivastava DK. Hypermobility: 
prevalence and features in a Swedish population. Br J Rheumatol. 
1993;32(2):116-119. 
9. Carter C, Wilkinson J. Persistant joint laxity and congenital dislocations of the 
hip. J BoneJoint Surg. 1964;46B(l):40-45. 
10. Child AH. Joint hypermobility syndrome: inherited disorder of collagen 
synthesis. J Rheumatol [editorial]. 1986; 13(2):239-243. 
11. Decoster LC, Vailas JC, Lindsay RH, Williams GR. Prevalence and features of 
joint hypermobility among adolescent athletes. Arch Pediatr Adolesc Med. 
1997; 151 :989-992. 
38 
12. Birrel FN, Adebajo AO, Hazelman BL, Silman AJ. High prevalence of joint 
laxity in West Africans. Br J Rheumatol. 1994;33:56-59. 
13. Hewett TE. Nueromuscular and hormonal factors associated with knee injuries 
in female athletes: strategies for intervention. Sports Med. 29(5):313-327. 
14. Kapila S, Xie Y. Targeted'induction of collagenase and stromelysin by relaxin 
in unprimed and beta-estradiol-primed diarthrodial joint fibrocartilaginous cells 
but not in synoviocytes. Lab Invest. 1998;78(8):925-938. 
15. Norton PA, Baker JE, Sharp HC Waren ski Jc. Genitourinary prolapse and joint 
hypermobility in women. Obstet Gynecol. 1995;85(2):225-228. 
' 16. Beighton P, Solomon L, Soskolne CL. Articular mobility in an African 
population. Am Rheumatol Dis. 1973;32:413-418. 
17. Diaz MA, Estevez EC, Guijo PS. Joint hyperlaxity and musculoligamentous 
lesions: study of a population of homogeneous age sex and physical exertion. Br 
J Rhematol. 1993;32: 120-122. 
18. Jackson DW, Jarrett H, Bailey D, Kausek J, Swanson J, Powell JW. Injury 
prediction in the young athlete: a preliminary report. Am J Sports Med. 
1978;6:6-11. 
19. Ellenbecker TS, Mattalino AJ, Elam EA, Caplinger RA. Medial elbow joint 
laxity in professional baseball pitchers: a bilateral comparison using stress 
radiography. Am J Sports Med. 1998;26(3):420-424. 
20. Bird HA, Brodie DA, Wright V. Quantification of joint laxity. Rheumatol 
Rehab. 1979;18:161-166. 
21. Baumhauer JF, Alosa DM, Per A, Renstrom PH, Trevino S, Beymon B. Test 
retest reliability of ankle injury risk factors. Am J Sports Med. 1995;23: 
22. EI-Shahaly HA, EI-Sherif AK. Is benign joint hypermobility syndrome benign? 
Clin Rheumatol. 1991; 10:302-307. 
23. Bulbena A, Duro JC, Porta M, Faus S, Vallescar R, Martin-Santos R. Clinical 
assessment of hypermobility of joints: assembling criteria. J Rheumatol. 
1992;19:115-122. 
24. Brodie DA, Bird HA, Wright V. Joint laxity in selected <:tthletic populations. 
Med Sci Sports Exerc. 1982;14:190-193. 
25. Russek LN. Hypermobility syndrome. Phys Ther. 1999;79:591-599. 
39 
26. Bridges AJ, Smith E, Reid J. Joint hypermobility in adults referred to 
rheumatology clinics. Ann Rheum Dis. 1992;51 (6):793-796 -:- ___ _ 
27. Scott D, Bird R, Wright V. Joint laxity leading to osteoarthrosis. Rheumatol 
Rehab. 1979;18:167-169. 
28. Larsson LG, Mudholkar GS, Baum J, Srivastava DK. Benefits and liabilities of 
hypermobility in the back pain disorders of industrial workers. J Intern Med. 
1995;238:461-467. 
29. Larsson LG, Baum J, Mudholkar GS, Kollia GD. Benefits and disadvantages of 
joint hypermobility among musicians. N Engl J Med. 1993;329: 1079-1082. 
30. Krivickas LS, Feinberg JR. Lower extremity injuries in college athletes: relation 
between ligamentous laxity and lower extremity muscle tightness. Arch Phys 
Med Rehabil. 1996;77(11):1139-1143. 
31. Restekin B. The association of generalized joint hyperlaxity and the occurrence 
of musculoskeletal injury[independent study]. Grand Forks, ND: University of 
North Dakota; 2000. 
32. Al-Rawi ZS, Al-Aszawi AJ, Al-Chalabi T. Joint mobility among University 
students in Iraq. Br J Rheumatol. 1985;24:326-331. 
33. Rothstien JM, Miller PJ, Roettger RF. Goniometric reliability in a clinical 
setting: elbow and knee measurements. Phys Ther. 1983;63:1611-1615. 
34. Portney LG, Watkins MP. Foundations of Clinical Research: Applications to 
Practice. Stamford, CT: Appleton and Lange. 1993:514. 
35. Gravetter FJ, Wallnau LB. Statistics for the Behavioral Sciences. 5th ed. 
Minneapolis, MN: West Publishing Co. 2000:543. 
36. Staniski CL. Articular hypermobility and chondral injury in patients with acute 
patellar dislocation. Am J Sports Med. 1995;23:146-150. 
37. Cromie JE, Robertson VJ, Best MO. Work related musculoskeletal disorders in 
Physical therapists: prevalence, severity, risks and responses. Phys Ther. 
2000;80(4):336-351. 
38. Martin-Santos R, Bulbena A, Porta M, Gago J, Molina L, Duro Jc. Association 
between joint hypermobility syndrome and panic disorder. Am J Psychiatry. 
1998;155(11):1578-1583. 
40 
